The structure o f fulvoferruginin (1), a ca ro ta n e derivative from cultures o f M arasmius fu lvo ferrugineus, has been established by spectroscopic investigations and an X -ray stru ctu re an aly sis. 1 exhibits antibacterial, antifu n g al. an d cytotoxic activities.
Introduction
Marasmius fulvoferrugineus is a rather small agaric with a conspicuous reddish brown pileus which can be found quite frequently in the Great Smoky M ountains and the southern United States. Its natural habitats are plant debris or wood in mixed forests. It has been described as a new species by Gilliam [2] , The species most close ly related is Marasmius siccus (Schwein.) Fr. which differs in the orange colour o f the pileus and the size of the basidiospores. Only few antibiotic m eta bolites have been reported from Marasmius spe cies. Among them are sesquiterpenoids like marasmic acid from M. conigenus [3] and the alliacols A and B from M. alliaceus [4, 5] , 6-methyl-1,4-naphthoquinone from M. graminum [6] , and acety lenes like scorodonin from M. scorodonius [7] . In the following we wish to describe the fermentation, isolation, structural elucidation and biological characterization of fulvoferruginin, the first caro tane sesquiterpenoid from a basidiomycete [8] 
Materials and Methods

Marasmius fulvoferrugineus streun 8661
Mycelial cultures of M. fulvoferrugineus were obtained from spore prints of fruiting bodies col lected in the G reat Smoky M ountains, U.S.A. Herbarium specimen and strain 8661 are deposited in the collection of the LB Biotechnologie der U ni versität Kaiserslautern.
Fermentation and isolation
For maintenance on agar slants and submerged cultivation M. fulvoferrugineus was grown in a yeast extract-malt extract-glucose (YM G) medium composed of (g/1): Yeast extract 4, malt extract 10, and glucose 4. The medium (M 2 A) used for the production of fulvoferruginin contained (g/1): m al tose 30, glucose 10, yeast extract 1, peptone 2, K H 2P 0 4 0.5, M gS 04-7 H 20 1, FeCl3 0.01, Z n S 0 4 0.002, and CaCl2 0.055. A well grown seed culture of M. fulvoferrugineus (200 ml) in YM G-medium was used to inoculate 20 1 of M 2 A medium in a Biolafitte C 6 ferm entation apparatus. After 10-12 days of fermentation (22 C, 120 rpm, 2 1 air/min) the mycelia were separated from the cul ture fluid and discarded. The culture fluid (191) was extracted with ethyl acetate (2x5 1). The re sulting crude extract (1.3 g) was applied to a col-umn (M erck silica gel 60; 6 x 19 cm) and eluted with to lu en e-ace to n e -eth an o l (70:30:2). The fractions exhibiting antifungal activity were pooled and the solvent evaporated. Fulvoferrugi nin was purified from the enriched product 
X-ray structural analysis o f l
Crystal data: C ,5H 180 3; M = 246.3; monoclinic P 2, with a = 10.237(4), b = 7.328(4), c -9.859(3), ß = 116.17(2)°, V = 663.7(9) pm 3; F(000) = 264; Dcalcd = 1.23 m g /m '3; Z = 2; M CuKa) = 1.54184; ji(CuKa) = 6.5 cm "1; T = 293 K.
D ata collection and structure refinement: A prismatic crystal with dimensions 0 .3 2 x 0 .1 8 x 0.144 mm was chosen for data collection. Cell pa rameters were obtained from a least-squares fit to the settings o f 25 reflections in the range 15° < 0 < 25° centered on an Enraf-Nonius C A D 4 diffracto meter using C uK a radiation. The intensity data were collected in the co-scan mode for reflection width 0.90 + 0.14 tan0 at variable speeds between 1.08 and 5.03 d e g m in -1. A total of 1041 inde pendent reflections were collected for 20 < 120°. Three m onitor reflections were measured at regu lar intervals; crystal decay was not observed. Lorentz, polarization and empirical absorption cor rections based on co-scan data were applied to the reflection intensities. On the basis of the criterion I > 1.0 g(I), 799.reflections were retained for use in the structure refinement. The structure was solved by direct methods (SHELXS) and refined by full m atrix least-squares with the SHELX-76 system. All hydrogen atom s could be located in difference syntheses and were included in the final cycles with group isotropic tem perature factors. Whereas the position of H 10, H 141 and H 142 were fixed, the remaining protons were allowed to ride on their re spective carbon atoms with d (C -H ) = 1.08 Ä and idealized H -C -C angles. Anisotropic tem perature factors were introduced for all hydrogen atoms. The terminal reliability indices were R = 0.0500 and Rw = [S w (|F 0l -I F c|)2/Z w |F 0| 2]1/2 = 0.0489 with weights given by the expression w = (cr(F 0) + 0.0002 F02)-1. Inversion of the configura tion led to a deterioration in the generalized R fac tor which was significant at the 95% level. The more probable absolute configuration is displayed in Fig. 1 ; positional param eters with equivalent isotropic tem perature factors are listed in Table II.  Table III contains bond length (Ä) and angles (°) in the molecule. F urther details of the crystal structure determ ination may be obtained from Fachinform ationszentrum Energie, Physik, M athem atik, D-7514 Eggenstein-Leopoldshafen by providing the deposition num ber CSD 54752, the authors and the journal citation.
Biological assays
Antibiotic content in ferm entations and frac tions after chrom atography was determined by paper disc/agar diffusion assay using Paecilomyces varioti as test organism. The antimicrobial spectra, cell culture, cytotoxicity, and macromolecular syntheses in cells of the ascitic form of Ehrlich car cinoma were measured as described previously [9, 10] , HeLa cells were grown in H am 's F 12 medium containing 10% fetal calf serum and 100 (ig/ml of streptomycin sulfate and 65 |ig/ml of penicillin G in a humidified atm osphere containing 5% o f CO-, at 37 °C.
Results and Discussion
Structure determination
Fulvoferruginin (1), C 15H ]80 3, exhibits IR bands at 3490 and 1715 cm -1 which suggest the presence of a hydroxy and an a,ß-unsaturated ester or lactone group. According to the 'H and 13C N M R data (Table I) (6 ) 1.542 (7) C (4 )-C (5 )
1.550(7) C (9 )-C (8 ) 1.545(9)
103.9(5) 13
12
Form ula.
1 Hz between these protons. The NOE enhance ment o f the H-5 signal on irradiation at the fre quency o f the angular methyl group establishes the cis relationship between these substituents. The structure and relative stereochemistry of 1 was confirmed by a single crystal X-ray analysis (Fig. 1) . The fused five-membered ring system in 1 displays an envelope conform ation with C8 dis placed 0.657 A from the best least-squares plane through the remaining ring atom s (distances: C7 -0.010, C 6 0.016, CIO -0.016, C 9 0.010 Ä). A The more probable absolute configuration of fulvoferruginin as deduced from the anom al X-ray dispersion is given in the Formula. Fulvoferrugi nin displays in its CD spectrum a strong positive C otton effect at 264 nm (Fig. 2) . Fulvoferruginin (1) is closely related to hercynolactone (2) which has been isolated from liverw orths by Huneck et al. [12] .
The antim icrobial activities of fulvoferruginin in the serial dilution and plate diffusion assays are 
